Abstract: Radiological tests were carried out on steel girders of composite bridges located on the Central Trunk Railway Line (CMK) in the years 1985-1986 according to the technical program of Transportation Ministry MK-133-06-02-04. The paper presented the test results obtained on seven composite steel-concrete railway structures. The aim of the tests was the identification of welding imperfections (WI) in butt splices of main girders and influence on their condition after the ten-year service. The test results may be useful for the technical assessment of the bridges associated with the adjustment to speed of 300 km/h. The tests confirmed the good quality of welds in bridge structures under consideration.
Introduction
The long service life of riveted bridges is possible due to the designers, who designed the structures optimally, not using the full capacity of the structure in all cross-sections. Currently, the period of safe operation of welded bridge constructions is not fully known [1, 2] . The influence of welding imperfections (WI) in welded joints should be considered individually, taking into account the fatigue strength curves for a given imperfection and structural solutions of the analyzed joint. Then, the Fitness for Purpose criteria should be used, on the basis of which we can determine whether a welding imperfection is acceptable from the point of view of fracture mechanics and the state of its load [3, 4] In the years 1954-1990 the Department of Steel Construction of the Szczecin University of Technology, whose long-term head was prof. Andrzej Fabiszewski (1924 Fabiszewski ( -1978 , conducted X-ray examinations of the butt joints of main girders of 155 bridges. The research was carried out as part of the MK-133-06-02-04 program, which was ordered by the General Directorate of Polish Railways (PKP). The obtained results from these tests are shown in Figure 1 . In Figure 1a , the upper histogram illustrates the number of examined bridges built in particular periods of five-years and the number of bridges whose girders have butt joints with cracks. Cracks were detected in 34 objects (21.9%) on 437 roentgenograms. They constitute of 2.8% of the total number of sections of the tested welds. The bottom histogram shows the number of tested bridge joints built in the next eight five-year periods from 1936 to 1975. A radical improvement in the quality of welded joints is evident in constructions built after 1960, when the weld acceptance tests were introduced [2] .
As a part of the above research, in 1985 and 1986 radiological examinations were carried out on steel bridge structures located on the CMK Grodzisk Mazowiecki-Zawiercie rail line (Fig. 2) . The line was planned to be extended in the 1990s to the border with the Czech Republic near Cieszyn and further to Prague, Bratislava and Budapest. The creation of this high-speed rail line (design 250 km/h), apart from technical and organizational requirements, also requires the appropriate technical condition of bridge structures, enabling trains to run at the required speed and with axial loading of 225 kN [6, 7] . 
Tested composite bridges and the results
The article analysis of the results of diagnostic tests of welds in steel bridges at CMK was limited to structures with a steel-concrete composite deck construction. The construction diagrams of these bridges and their cross-sections are shown in Figures 3 and 4 . Technical and construction data are given in Table I . The CMK line contained seven composite steel-concrete structures that were the prototypes of later typical KSZ-II bridge spans.
These were the bridges located on the middle section of the CMK line. Records of objects in Table I were made in accordance with their increasing mileage of location on the line. The research was aimed at recording the welding imperfections of butt joints of the main girders and obtaining an answer to the question about the impact of their previous 10-year operational load on their condition. The maximum permitted speed of trains on this section of the line was 160 km/h [8, 9] . Thickness of bottom flanges tf according to figure 3 The welded-riveted plate girders with a closed or opened bottom (bridges No. II and VI) are the bearing girders of composite bridges. The depth of the webs of these plate girders varies depending on the span and is 1300 mm (bridge No. VI), 1500 mm (bridges No. II, IV, V), 1700 mm (bridge No. III) and 1950 mm (bridges No. I and VII). The view of the construction of the bridge no. IV over the Czarna River and its railway surface is shown in Figure 5 and its cross-section is inventoried according to [10] in Figure 6 .
In steel constructions of composite bridges, the tests covered transverse butt joints of bottom flanges and lower sections of the welds of webs in the tensile zone with a length of 1.0 m (study detail in Fig. 3 ).
The majority of them, 628 pieces, concern contacts of the bottom flanges (71.04%), and 256 contacts of the webs (28.96%). Their number depends on the construction solutions of objects, see Figures 3 and 4 . The numerical comparison of the performed radiographs in the examined bridge, depending on the location of the joint, is shown in the histogram (Fig. 7) . The performed radiographs made it possible to classify individual sections of welds to the appropriate defect classes in accordance with the valid PN-82/M-69772. [10] Defect classes R1÷R5 were obtained. Currently, they are comparable with the quality levels of welds: B+, B, C, D and >D, determined according to PN-EN ISO 5817: 2014-05 and according to these quality levels, the welded joints in Table II are described. The numerical X-ray list of the given quality level was made in accordance with their location (flange, web) and by the division into groups that meet and do not meet the requirements of PN-82/S-10052 (the last two columns in Table II ). According to this standard, the quality level groups B+, B and C meet the requirements of welds of normal quality, and the quality level groups D and >D are unacceptable in new constructions. Only 8 sections of welds were qualified for the second group, which constitutes of 0.90% of the total radiographs made. In the welds of the B+, B and C quality levels there were only globular defects (gaseous bubbles) with a porosity of less than 0.5% (Fig. 8) . Figure 9 provides a graphical juxtaposition of welds in the examined bridges with the division into appropriate quality levels (B+ ÷ >D) and the location of joints. The comparison shows that the quality of the tested joints is very good. The percentage share of the B+ quality level welds is 85.5%, while D and >D is only 0.9%. For a total of 884 X-ray weld sections, only 8 qualify for the quality level of D and >D. These joints were assessed as insufficient and in accordance with PN-EN 1090-2: 2018-09 they are unacceptable in new bridge constructions. 
Summary and final remarks
In addition to the economic benefits of using composite structures (10 to 20% smaller height of plate girders webs), their further advantage is a significant reduction of deflection and sensitivity to dynamic effects, and thus less possibility of material fatigue and development of welding imperfections in service cracks [ 11] .
The performed radiological examinations allowed to record welding imperfections in butt joints of seven composite railway bridges located on the Central Trunk Railway Line, which were put into operation after 1972. The obtained test results may be useful in the technical assessment of bridges related to the adaptation of the line to the speed of 300 km/h [8÷10]. The research confirmed the fact of the good quality of welds in bridge structures commissioned after 1960 [2, 5] .
Out of the total number of 884 tested sections of welded composite bridges, as many as 876 (99.1%) were included in the quality level B+ ÷ C with the dominance of WI in the form of globular defects, which define the so-called weld porosity. Taking into account the loss of the weld's cross-section due to porosity, G.A. Homes received, shown in Figure 10 , a relationship between the percentage value of porosity and unlimited Zrj fatigue strength of a butt weld [12] . It can be estimated that the failure rate of approx. 0.5% reduces the fatigue strength of the Zrj weld approx. 8%, which means that the fractional percentage of porosity found in the tested butt joints of seven composite bridges will reduce their fatigue strength to a small extent.
